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LIGHT SCANNING OPTICAL DEVICE 
WHICH ACQUIRES A HIGH RESOLUTION 
TWO-DIMENSIONAL IMAGE WITHOUT 
EMPLOYING A CHARGE-COUPLED 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Applications No. 
11-330191, ?led Nov. 19, 1999; and No. 11-330193, ?led 
Nov. 19, 1999, the entire contents of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a light scanning optical 
device including a scanning optical system, and an endo 
scope using the same. 

In a conventional electronic endoscope, the illumination 
light emitted from a light source is guided to a subject by a 
light guide to illuminate it. The re?ected light from the 
subject passes through an objective lens is imaged by an 
imaging lens, and is subject to photoelectrical conversion by 
an image sensor such as a charge coupled device (CCD) 
disposed on its image plane. A signal from the CCD is 
imaged by a signal processor, and its image is displayed on 
a monitor, for example. 

The CCD, Which is employed in a conventional electronic 
endoscope, is expensive. In particular, a miniaturiZed CCD 
is very expensive because it requires an advanced manufac 
turing process. This causes an increased cost of an optical 
device such as, for example, an endoscope. 

In addition, there is a restriction that the resolution of an 
obtained image almost depends on the resolution of the 
CCD. In the CCD, an image is outputted in units of pixels. 
With advancement of the manufacturing process, although 
the siZe of the pixels becomes about 4 um, it is very dif?cult 
to reduce pixel siZe any more Without sacri?cing perfor 
mance such as sensitivity. 

HoWever, the resolution of the objective lens can be 
increased to about 1 um depending on use. That is, the 
conventional electronic endoscope cannot take advantage of 
the high resolution possessed by an optical system, thus 
making it dif?cult to achieve high resolution. 

BRIEF SUMMARY OF THE INVENTION 

The present invention has been made in vieW of such 
circumstance. It is an object of the present invention to 
provide an optical device and an endoscope using the same 
Which is capable of acquiring a tWo-dimensional image With 
high resolution Without employing an expensive CCD. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrates presently 
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2 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serves to 
explain the principle of the invention. 

FIG. 1 schematically shoWs a light scanning optical 
device according to a ?rst embodiment of the present 
invention; 

FIG. 2 schematically shoWs an endoscope having the light 
scanning optical device shoWn in FIG. 1 incorporated 
therein; 

FIG. 3 schematically shoWs a light detecting section at the 
light scanning optical device as a ?rst modi?cation of the 
light scanning optical device according to the ?rst embodi 
ment of the present invention; 

FIG. 4 schematically shoWs a light detecting section at a 
light scanning optical device as a second modi?cation of the 
light scanning optical device according to the ?rst embodi 
ment of the present invention; 

FIG. 5 schematically shoWs a light detecting section at a 
light scanning optical device as a third modi?cation of the 
light scanning optical device according to the ?rst embodi 
ment of the present invention; 

FIG. 6 schematically shoWs a light detecting section at a 
light scanning optical device as a fourth modi?cation of the 
light scanning optical device according to the ?rst embodi 
ment of the present invention; 

FIG. 7 schematically shoWs a light detecting section at a 
light scanning optical device as a ?fth modi?cation of the 
light scanning optical device according to the ?rst embodi 
ment of the present invention; 

FIG. 8 shoWs an end face of a light guide of a light 
detecting section at a light scanning optical device as a sixth 
modi?cation of the light scanning optical device according 
to the ?rst embodiment of the present invention; 

FIG. 9 shoWs a longitudinal section of the light guide 
shoWn in FIG. 8; 

FIG. 10 schematically shoWs a light scanning optical 
device as a seventh modi?cation of the light scanning optical 
device according to the ?rst embodiment of the present 
invention; 

FIG. 11 schematically shoWs a light scanning optical 
device as an eighth modi?cation of the light scanning optical 
device according to the ?rst embodiment of the present 
invention; 

FIG. 12 schematically shoWs a light scanning optical 
device as a ninth modi?cation of the light scanning optical 
device according to the ?rst embodiment of the present 
invention; 

FIG. 13 schematically shoWs a light scanning optical 
device as a tenth modi?cation of the light scanning optical 
device according to the ?rst embodiment of the present 
invention; 

FIG. 14 is a partial perspective vieW of a prism shoWn in 
FIG. 13; 

FIG. 15 schematically shoWs a light scanning optical 
device as an eleventh modi?cation of the light scanning 
optical device according to the ?rst embodiment of the 
present invention; 

FIG. 16 is a partial perspective vieW of the prism shoWn 
in FIG. 15; 

FIG. 17 is a plan vieW of the prism shoWn in FIG. 15; 
FIG. 18 schematically shoWs a light scanning optical 

device as a tWelfth modi?cation of the light scanning optical 
device according to the ?rst embodiment of the present 
invention; 
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FIG. 19 schematically shows a light scanning optical 
device as a thirteenth modi?cation of the light scanning 
optical device according to the ?rst embodiment of the 
present invention; 

FIG. 20 schematically shoWs a light scanning optical 
device as a fourteenth modi?cation of the light scanning 
optical device according to the ?rst embodiment of the 
present invention; 

FIG. 21 shoWs an end face of an optical ?ber and a light 
guide that are coaXially disposed as shoWn in FIG. 20; 

FIG. 22 schematically shoWs a light scanning optical 
device as a ?fteenth modi?cation of the light scanning 
optical device according to the ?rst embodiment of the 
present invention; 

FIG. 23 shoWs a section of an integrated light receiver 
shoWn in FIG. 22; 

FIG. 24 schematically shoWs a light scanning optical 
device as a siXteenth modi?cation of the light scanning 
optical device according to the ?rst embodiment of the 
present invention; 

FIG. 25 schematically shoWs a light scanning optical 
device according to a second embodiment of the present 
invention; 

FIG. 26 schematically shoWs a light scanning optical 
device as a ?rst modi?cation of the light scanning optical 
device according to the second embodiment of the present 
invention; 

FIG. 27 schematically shoWs a tWo-dimensional scanning 
mirror shoWn in FIG. 26; 

FIG. 28 schematically shoWs an endoscope having the 
light scanning optical device shoWn in FIG. 26 incorporated 
therein; 

FIG. 29 schematically shoWs a light scanning optical 
device as a second modi?cation of the light scanning optical 
device according to the second embodiment of the present 
invention; 

FIG. 30 schematically shoWs a light scanning optical 
device as a third modi?cation of the light scanning optical 
device according to the second embodiment of the present 
invention; 

FIG. 31 schematically shoWs a light detecting section of 
a light scanning optical device as a fourth modi?cation of the 
light scanning optical device according to the second 
embodiment of the present invention; 

FIG. 32 schematically shoWs a light detecting section in 
a light scanning optical device as a ?fth modi?cation of the 
light scanning optical device according to the second 
embodiment of the present invention; 

FIG. 33 schematically shoWs a light scanning optical 
device as a siXth modi?cation of the light scanning optical 
device according to the second embodiment of the present 
invention that comprises a confocal optical system; 

FIG. 34 shoWs an end face of the optical ?ber and light 
guide optically disposed each other, as shoWn in FIG. 33; 

FIG. 35 schematically shoWs a light scanning optical 
device as a seventh modi?cation of the light scanning optical 
device according to the second embodiment of the present 
invention; 

FIG. 36 is a partial perspective vieW of a one-dimensional 
scanning prism shoWn in FIG. 35; 

FIG. 37 schematically shoWs a light scanning optical 
device as an eighth modi?cation of the light scanning optical 
device according to the second embodiment of the present 
invention; 
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FIG. 38 is a partial perspective vieW of a tWo-dimensional 

scanning prism shoWn in FIG. 37; 
FIG. 39 is a plan vieW of a tWo-dimensional scanning 

prism shoWn in FIG. 37; 
FIG. 40 schematically shoWs a light scanning optical 

device as a ninth modi?cation of the optical scanning optical 
device according to the second embodiment of the present 
invention that comprises a confocal optical system; and 

FIG. 41 schematically shoWs a scanning section and a 
converging optical system in a light scanning optical device 
as a tenth modi?cation of the light scanning optical device 
according to the second embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As shoWn in FIG. 1, a light scanning optical device 100 
according to a ?rst embodiment of the present invention 
comprises: an illuminating unit 102 for entirely illuminating 
a subject 100; a converging optical system 104 for converg 
ing a return light from a speci?c minute region of the subject 
110; a light detecting section 108 for detecting the return 
light focused by the converging optical system; and a 
scanning section 106 for scanning the aforementioned 
minute region. 
The illuminating unit 102 comprises: a light source sec 

tion 112 for generating illumination light; and a light guide 
114 for guiding the illumination light from the light source 
section 112, thereby illuminating the light to the subject 110. 
The light source section 112 sequentially emits colored 
lights such as red, green and blue (RGB). 
The converging optical system 104 comprises an objec 

tive lens 122 facing the subject 110 and an imaging lens 124 
for imaging the return light that passes through the objective 
lens 122. 

The scanning section 106 comprises: a ?rst re?ection 
mirror 132 for returning an optical path for the return light 
from the imaging lens 124; and a second re?ection mirror 
136 for returning again the optical path for the return light 
re?ected by the ?rst re?ection mirror 132. The ?rst re?ection 
mirror 132 and the second re?ection mirror 136 cross an 
optical aXis of the imaging lens 124 together. Therefore, the 
objective lens 122, imaging lens 124, ?rst re?ection mirror 
132, and second re?ection mirror 136 are linearly arranged 
each other. Such layout is advantageous in reducing the 
optical device 100 in diameter. 
The ?rst re?ection mirror 132 has a re?ection face sWing 

able in a tWo-dimensional manner, and the re?ection face 
has at its center an opening 134, Which alloWs the return 
light to pass through. The ?rst re?ection mirror 132 has a 
re?ection face, Which can be sWung around tWo aXes cross 
ing each other, and more preferably perpendicular to each 
other. Since the ?rst re?ection mirror 132 has the re?ection 
face that enables tWo-dimensional scanning, the mirror is 
also referred, herein, as a tWo-dimensional mirror or merely 
a scanning mirror. 
Such scanning mirror 132 is a gimbal type scanning 

mirror, for eXample, Which is a micro-machine mirror pro 
duced by employing a semiconductor manufacturing pro 
cess. This semiconductor manufacturing process enables 
processing in order of pm, and a micro-machine mirror 
produced in this process is very small. This contributes to 
device miniaturiZation. The micro-machine manufacturing 
process is operated under very generous rules compared 
With a process for manufacturing a CCD. Thus, the micro 
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machine mirror can be manufactured more inexpensively 
than the CCD. The scanning mirror 132 is driven by an 
electrostatic system, for example. The scanning mirror 132 
may be driven by an electromagnetic system or a pieZoelec 
tric system. 

The second re?ection mirror 136 is supported by the 
imaging lens 124, and has a re?ection face positioned at the 
center of the imaging lens 124. The second re?ection mirror 
136 is produced by selectively vapor-depositing a metal on 
the optical surface of the imaging lens 124, for example. 
Here, the second re?ection mirror 136 is referred to as a 
?xed mirror as oppose to the scanning mirror 132. 

The light detecting section 108 comprises: a light guide 
142 having an end face disposed on the image plane of the 
converging optical system 104; and a light detector 144 for 
converting into an electrical signal the return light received 
from the light guide 142. 

The light guide 142 alloWs the light detector 144 to be 
disposed apart from the converging optical system 104 and 
the scanning section 106, thereby enhancing the degree of 
freedom of the device con?guration. 

The light guide 142 is a multiple mode ?ber, for example. 
The light guide 142 may be a ?ber bundle or an optical ?ber 
ampli?er. The optical ?ber ampli?er ampli?es light, and 
thus, is advantageous in eliminating the shortage of light 
quantity of the return light from the subject. 

The light detector 144 is a photo-multiplier, for example. 
The light detector 144 may be a photodiode, Avalanche 
photodiode, or pin photodiode. The photo-multiplier or 
Avalanche photodiode has a light ampli?cation action, and 
thus, is advantageous in eliminating the shortage of light 
quantity of the return light from the subject. 

In FIG. 1, the illumination light produced by the light 
source section 112, for example, sequentially emitted col 
ored lights such as RGB, Which propagates inside of the 
light guide 114, is projected from the end face of the light 
guide 114 to illuminate the subject 110. 

The return light re?ected or scattered by the subject 110 
that exists in a speci?c minute region conjugate to the end 
face of the light guide 142 passes through the objective lens 
122 to be converted into convergent light by the imaging 
lens 124. The convergent light is re?ected by the scanning 
mirror 132, and then, is re?ected by the ?xed mirror 136. 
Thereafter, the re?ected light passes through the opening 
134, and arrives at the end face of the light guide 142. 

The light incident to the light guide 142 propagates its 
inside, reaches the light detector 144, and is converted to an 
electrical signal corresponding to its intensity by the light 
detector 144. 

The tWo-dimensional scanning mirror 132 can change the 
orientation of its re?ection face arbitrarily in a tWo 
dimensional manner as required. A change in orientation of 
the re?ection face of the scanning mirror 132 moves or scans 
the minute region conjugate to the end face of the light guide 
142. That is, the minute region is scanned according to the 
change in orientation of the re?ection face of the scanning 
mirror 132. If the subject 100 exists on the scanning plane, 
the re?ected or scattered light at a portion of the subject 
corresponding to the minute region is detected by the light 
detector 144. 

Therefore, While the minute region is scanned in a tWo 
dimensional manner by the tWo-dimensional scanning mir 
ror 132, the re?ected or scattered light from the minute 
region is detected by the light detector. Then, the detected 
light is processed together With a scanning signal and 
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6 
detecting signal, Whereby an image Within the scanning 
range of the subject 110 is obtained. In particular, With 
respect to the illumination unit 102 that sequentially projects 
the colored lights such as RGB, similar processing is per 
formed for each of these lights, Whereby a color image 
Within the scanning range of the subject 110 is obtained. 

The resolution of the thus obtained image depends on the 
siZe of the minute region conjugate to the end face of light 
guide 142. This depends on the numerical aperture of the end 
face of the light guide 142 and a magni?cation of the 
converging optical system 104. In other Words, the siZe of an 
image of the end face of the light guide 142 formed by the 
light connecting optical system 104 corresponds to the 
resolution of the light scanning optical device. The light 
connecting optical system 104 can form an image of the end 
face of the light guide 142 as an image of 1 pm or less in 
diameter. Therefore, this scanning optical device can 
achieve the resolution of 1 pm. 

In observation of the subject 110, a true-Zoom like obser 
vation may be performed. That is, at the beginning of the 
observation, the scanning range of the gimbal type scanning 
mirror is set to be relatively large, Whereby an entire image 
is grasped Within the observation range of the subject. Then, 
by narroWing the scanning range, a portion to be observed 
in particular detail may be observed With high sensitivity 
and at a high speed in detail. 
As understood from the above description, the light 

scanning optical device according to the ?rst embodiment 
can achieve an image of the subject With high resolution 
Without employing a CCD, Which is relatively expensive. 

Such light scanning optical device 100 is applied to an 
endoscope 150, for example, as shoWn in FIG. 2. This 
endoscope 150 comprises a light scanning optical device 
100 (other than the light detector 144 and the light source 
section 112) at the distal end of its insert section. 
The light guide 114 of the illumination unit 102 extends 

the inside of a channel formed inside of the endoscope 150, 
and its end face is positioned at a distal end face of the 
endoscope 150. The objective lens 122, imaging lens 124, 
?rst re?ection mirror 132, and second re?ection mirror are 
disposed inside of a in?exible portion of the endoscope 150 
all together, and an optical surface of the objective lens 122 
is exposed to the distal end face of the endoscope 150. In 
addition, although not shoWn, the endoscope 150 includes 
forceps channels for various treatments. 
A vieWing direction of the light scanning optical device 

100 incorporated in the endoscope 150 coincides With the 
insert direction of the endoscope 150. Therefore, the endo 
scope 150 is a so-called straightforWard vieWing type endo 
scope in Which the insert direction and vieWing direction 
coincide With each other, Which is very preferable in oper 
ability. 

Using the micro-machine mirror 132 as a scanning mirror 
contributes to reducing the light scanning optical device 100 
in diameter, and alloWs the light scanning optical device 100 
to be preferably incorporated in the distal end of the endo 
scope 150. In addition, the ?rst re?ection mirror 132 and the 
second re?ection mirror 136, Which fold back the return 
light from the subject 110, contributes to reduce the physical 
length of an optical system, so as to alloW the endoscope 150 
to have a short in?exible portion. 
The light scanning optical device according to the present 

invention is not limited to the aforementioned ?rst 
embodiment, and various modi?cations or changes may be 
made Without departing from the scope of the invention. 

In a ?rst modi?cation of the light scanning optical device 
according to the ?rst embodiment, as shoWn in FIG. 3, the 
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light detecting section 108 comprises: a light guide 142; a 
beam splitter 162 for splitting a light beam projected from 
the light guide 142 into tWo light beams; a light detector 144 
for detecting one of the divided light beams; a spectroscopic 
device 164 for spectroscopically dispersing the other divided 
light beam; and a light detector 166 for detecting the 
spectroscopically dispersed light. The spectroscopic device 
164 is a spectroscope, for example. The spectroscopic 
device 164 may be a diffraction lattice or a prism. 

The beam of return light from the speci?c minute region 
of the subject 110, Which is projected from the light guide 
142, is divided into tWo beams by the beam splitter 162. One 
beam directly reaches the light detector 144, and is subject 
to photoelectrical conversion. The other beam reaches the 
light detector through the spectroscopic device 164, and is 
thus subject to photoelectrical conversion. 

According to the light scanning optical device according 
to this modi?cation, light of a desired Wavelength is selected 
by the spectroscopic device 164, Whereby, for example, 
?uorescence speci?c to a lesion is detected, and its ?uores 
cence image is obtained. Namely, according to the light 
scanning optical device according to this modi?cation, ?uo 
rescence observation as Well as general observation is per 
formed. The lesion may emit speci?c ?uorescence, making 
it possible to diagnose lesion based on ?uorescence obser 
vation. 

In a second modi?cation of the light scanning optical 
device according to the ?rst embodiment, the light source 
section 112 of the illumination unit 102 emits White color 
light. As shoWn in FIG. 4, the light detecting section 108 
comprises: the light guide 142; a color decomposing prism 
172 for splitting the light beam projected from the light 
guide 142 into three light beams corresponding to RGB; a 
red color light detector 174 for detecting red color light; a 
green color light detector 176 for detecting green color light; 
and a blue color light detector 178 for detecting blue color 
light. 

The beam of return light from the speci?c minute region 
of the subject 110, Which is projected from the light guide 
142, is divided into three beams of red color light, green 
color light, and blue color light corresponding to RGB by the 
color decomposing prism 172. The divided beams of red 
color light, green color light, and blue color light reach the 
red color light detector 174, green color light detector 176, 
and blue color light detector 178, respectively, and are thus 
subject to photoelectrical conversion. 

Since the light scanning optical device according to this 
modi?cation obtains an RGB signal through one scanning of 
the subject, it has higher dynamic resolution than a device 
that acquires an image by sequentially projecting the colored 
lights such as RGB. 

In a third modi?cation of the light scanning optical device 
according to the ?rst embodiment, as shoWn in FIG. 5, the 
light detecting section 108 includes a light detector 182 
disposed at the image plane of the imaging lens 124. 
Although the light detector 182 is a photodiode, for 
example, it may be a pin photodiode or an Avalanche 
photodiode. 

The light detector 182 may comprise an on-chip converg 
ing lens formed integrally on its oWn detector in order to 
improve the sensitivity of light detection. The light detector 
182 may be formed together With an ampli?er or an AD 
converting circuit in order to improve sensitivity, and the 
thus ampli?ed signal or digitiZed signal is acquired. 

The light detector 182 may be formed integrally With the 
scanning mirror 132 by employing a semiconductor micro 
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8 
machine production technique in order to improve precision 
of positioning of elements and in order to reduce a length of 
the in?exible portion of the endoscope 150 having the light 
scanning optical device 100 incorporated therein. 
The return light from the speci?c minute region of the 

subject 110 is converted into convergent light by the imaging 
lens 124. The converted light is re?ected sequentially by the 
scanning mirror 132 and the ?xed mirror 136. Then, the 
re?ected light, passing through the opening 134 of the 
scanning mirror 132, directly strikes the light detector 182, 
and is converted into an electrical signal corresponding to its 
intensity. The electrical signal outputted from the light 
detector 182 is taken out via an electrical signal output Wire 
184. 

In response to the illumination unit 102 that projects White 
color light to the subject 110, the light detector 182 com 
prises a three-color ?lter, Whereby a color image is pro 
duced. In response to the illumination unit 102 that sequen 
tially projects colored lights such as RGB to the subject 110, 
the image signal of each color outputted from the light 
detector 182 is composed on a computer, Whereby a color 
image is produced. 

Since the light scanning optical device according to the 
present modi?cation does not have any medium such as a 
light guide for guiding the light from the subject 110 to the 
light detector 182, this device is small in light loss, and 
advantageous in cost reduction. 

In a fourth modi?cation of the light scanning optical 
device according to the ?rst embodiment, the light detecting 
section 108 includes a light detector 190 disposed on the 
image plane of the converging optical system 104. As shoWn 
in FIG. 6, the light detector 190 comprises: a ?rst photodiode 
192 of circular shape positioned at the center; a second 
photodiode 194 of ring shape positioned at the periphery of 
the ?rst photodiode 192; and a third photodiode 196 of ring 
shape positioned at the periphery of the second photodiode 
194. 

Output signals of the photodiodes 192, 194, and 196 are 
selectively processed according to their required resolution 
or depth of ?eld. For example, in image acquisition, only the 
output signal of the ?rst photodiode 192 at the center is 
utiliZed in response to a request for high resolution. In 
response to a request for a large depth of ?eld, an output 
signal of the second photodiode 194 at its outside as Well as 
an output signal of the ?rst photodiode 192 is utiliZed. In 
response to a request for a further large depth of ?eld, an 
output signal of the third photodiode at its further outside is 
utiliZed. The number of photodiodes is not limited to three, 
and may be increased or decreased as required. 

In order to obtain a color image, the light detector 190 
may have the photodiodes 192, 194, and 196 divided into 
three fan-shaped portions With equal expansion angles With 
their center being a reference, and three-color ?lters corre 
sponding to respective RGB light provided at these divided 
portions. 

In a ?fth modi?cation of the light scanning optical device 
according to the ?rst embodiment, the light detecting section 
108 comprises: a light detector 202 disposed on the image 
plane of the converging optical system 104; and a stop 204 
for varying a light receiving region at the light detector 202. 
The stop 204 is a mechanical stop that can change a diameter 
of an opening mechanically, for example. The stop 204 may 
be a liquid crystal stop that can change a rate of transmission 
electrically. 

Expansion of the light receiving region of the light 
detector 202 caused by the stop 204 degrades resolution, but 
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increases the depth of ?eld. Conversely, reduction of the 
light receiving region of the light detector 202 caused by the 
stop 204 decreases the depth of ?eld, but improves resolu 
tion. Therefore, the stop 204 is adjusted according to 
required resolution or depth of ?eld. 

In a siXth modi?cation of the light scanning optical device 
according to the ?rst embodiment, the light detecting section 
108 comprises: a light guide 210 having its end face dis 
posed on the image plane of the converging optical system 
104; and a light detector 190 described by referring to FIG. 
6. As shoWn in FIGS. 8 and 9, the light guide 210 comprises: 
a ?rst light guide portion 212 of circular shape positioned at 
the center; a second light guide portion 214 of ring shape 
positioned at the periphery of the ?rst light guide portion 
212; and a third light guide portion 216 of ring shape further 
positioned at the periphery of the second light guide portion 
214. The light guide 210 may comprise one ?ber or a ?ber 
bundle. 

The ?rst, second, and third light guide portions 212, 214, 
and 216 alloW light to travel to the ?rst, second, and third 
photodiodes 192, 194, and 196 of the light detector 190, 
respectively. 

Output signals of the photodiodes 192, 194, and 196 are 
selectively utiliZed for image processing according to their 
required resolution or depth of ?eld. For eXample, only the 
output signal of the ?rst photodiode 192 is utiliZed in 
response to a request for high resolution. In addition, the 
output signals of all the photodiodes 192, 194, and 196 are 
utiliZed in response to a request for large depth of ?eld. 

In order to obtain a color image, the light detector 190 
may have the photodiodes 192, 194, and 196 divided into 
three fan-shaped portions With equal expansion angles With 
their center being a reference, and three-color ?lters corre 
sponding to RGB light provided at these divided portions. 

In a seventh modi?cation of the light scanning optical 
device according to the ?rst embodiment, as shoWn in FIG. 
10, the illumination unit 102 comprises a solid light emitting 
element 116 disposed near the objective lens 122. This solid 
light emitting element 116 is driven in accordance With a 
signal supplied via an input Wire 118. 

The solid light emitting element 116 is a VSCEL (vertical 
cavity surface emitting laser), for eXample. The solid light 
emitting element 116 may be a general end face light 
emitting laser, an LED (light emitting diode), an SLD (super 
luminescent diode), an EL (electroluminescent device), or a 
PDP (plasma display panel). The solid light emitting ele 
ment 116 may have an on-chip converging lens formed 
integrally With the element itself. 

In a light scanning optical device of such type in Which a 
color image of one screen is produced by one scan of the 
scanning mirror 132, the solid light emitting element 116 
emits White color light or three RGB-color lights at a 
predetermined intensity With time. On the other hand, in the 
device of such type in Which the light scanning optical 
device acquires an image of one screen for each of the colors 
RGB through three scans of the scanning mirror 132, and 
composes the image of each color to produce a color image, 
the solid light emitting element 116 sequentially emits the 
three RGB colors in time series. 

Since the light scanning optical device 100 according to 
the present modi?cation has no medium such as a ?ber for 
guiding illumination light, it is advantageous in miniatur 
iZation and price reduction of the entire device. 

In an eighth modi?cation of the light scanning optical 
device according to the ?rst embodiment, as shoWn in FIG. 
11, a scanning section 106 comprises: a ?rst re?ection mirror 
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222 for folding an optical path of the return light from the 
imaging lens 124; and a second re?ection mirror 224 for 
folding again the optical path of the return light from the 
imaging lens 222. The ?rst re?ection mirror 222 crosses an 
optical aXis of the imaging lens 124, and the second re?ec 
tion 224 is off the optical aXis of the imaging lens 124. 
Therefore, neither the ?rst re?ection mirror 222 nor the 
second re?ection mirror 224 is vertical to the optical path of 
the return light. 
The ?rst re?ection mirror 222 and the second re?ection 

mirror 224 have sWing aXes not parallel to each other, or 
preferably perpendicular to each other. Namely, the ?rst 
re?ection mirror 222 and the second re?ection mirror 224 
have a re?ection face that enables one-dimensional scan 
ning. The ?rst re?ection mirror 222 and the second re?ection 
mirror 224; Which have the re?ection face that enables 
one-dimensional scanning, are referred to herein as one 
dimensional scanning mirror or merely scanning mirror. The 
?rst one-dimensional scanning mirror 222 and the second 
one-dimensional scanning mirror 224 preferably scan a 
beam of light in a direction perpendicular to each other. 
Therefore, for eXample, the ?rst scanning mirror 222 is 
sWung about an aXis parallel to the draWing, and the second 
scanning mirror 224 is sWung about an aXis perpendicular to 
the draWing. 
The return light from the speci?c minute region of the 

subject 110 is re?ected sequentially by the ?rst scanning 
mirror 222 and the second scanning mirror 224 after the 
lights have passed through the converging optical system 
104, and then strikes the end face of the light guide 142. The 
?rst scanning mirror 222 and the second scanning mirror 
224 are sWung about their respective aXes, Whereby the 
minute region on the subject 110 conjugate to the end face 
of the light guide 142 is scanned in a tWo-dimensional 
manner. Namely, the ?rst one-dimensional scanning mirror 
222 and the second one-dimensional mirror 224 scan the 
minute region on the subject 110 cooperatively in a tWo 
dimensional manner. 

Therefore, While the minute region is scanned in a tWo 
dimensional manner by the ?rst scanning mirror 222 and the 
second scanning mirror 224; the re?ected or scattered light 
from the minute region on the subject 110 is scanned by the 
light detecting section 108. An image Within the scanning 
range of the subject 110 is obtained by processing a scanning 
signal and a detecting signal all together. 

In the light scanning optical device 100 according to this 
modi?cation, since there is no obstacle on the optical path of 
the re?ected or scattered light, the device has a high ef? 
ciency of light utiliZation. In addition, since the light strikes 
slantly the scanning mirrors 222 and 224, the optical device 
is advantageous in removing a stray light. 

In the light scanning optical device 100 according to this 
modi?cation, tWo-dimensional scanning is performed by 
employing tWo one-dimensional scanning mirrors 222 and 
224. The light scanning optical device 100, hoWever, may 
comprise one one-dimensional scanning mirror, and may be 
sWung entirely in a one-dimensional manner by a pieZoelec 
tric element or the like in a direction different from the 
mirror, in order to perform tWo-dimensional scanning. Such 
arrangement is advantageous in simpli?cation of an optical 
system and prevention of the loWered ef?ciency of light 
utiliZation due to a loss of mirror re?ection. 

In a ninth modi?cation of the light scanning optical device 
according to the ?rst embodiment, as shoWn in FIG. 12, the 
scanning section 106 comprises: a ?rst re?ection mirror 232 
for returning an optical path of the return light from the 




















